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Introduction 

Research  in  the  Psychophysics  Laboratory,  Columbia  University  from 
1 October  1971  through  31  December  1975  has  concentrated  on  three  inter- 
connected problems. 

A.  The  measurement  of  the  incremental  utility  of  monetary  and  non- 
monetary outcomes  both  positive  and  negative. 

B.  The  experimental  study  of  response  organization  by  the  use  of  a 
reaction  time  paradigm,  and  in  particular  the  development  of 
sequential  response  experiments;  along  with  a new  conceptual 
theory  of  response  organization. 

C.  Psychophysical  scaling  of  dynamic  perceptual  events  under  field 
conditions,  and  the  integration  of  these  psychophysical  scales 
into  the  perceptual -motor  performance  theory  mentioned  in  B. 
above . 

In  the  research  summary  that  follows  we  treat  each  of  these  areas 
as  a separable  entity.  The  reader  should  recognize  that  as  products  of 
a single  laboratory  the  research  reported  here  represents  an  interlocking 
program  of  associated  problems.  The  various  graduate  students  and  scien- 
tists who  participated  in  this  work,  developed  a common  vocabulary  to  dis- 
cuss these  experiments  in  terms  that  made  them  intercomparable.  Here,  we 
shall  chuck  this  laboratory  jargon,  and  present  our  findings  within  the 
classical  psychological  conventions. 

The  Measurement  of  Utility 

Since  the  publication  of  The  Dirac t Measurement  of  Utility  and  Sub- 
jective Probability  (Galanter,  1962)  we  have  been  concerned  with  the 
psychic  representation  of  monetary  value.  Insofar  as  money  is  the  cul- 
turally pervasive  objective  scale  of  the  value  of  human  performance,  the 
measurement  of  its  psychic  effects  is  tantamount  to  a (one-dimensional) 
theory  of  human  motivation.  Such  measurement  has  deviled  experimental- 
ists since  the  turn  of  the  century.  For  an  historically  oriented  dis- 
cussion of  this  background,  see  Galanter  (1974). 
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The  it»i • . mrement  of  the  utility  of  money  by  direct  mat'll! tude  estimation 
methods  was  initially  accomplished  by  the  subterfuge  of  asking  subjects 
to  judge  something  about  their  subjective  happiness  as  a consequence  of  var- 
ious monetary  gains  and  Losses.  The  results  of  these  and  many  other  similar 
experiments  converged  on  a power  function  as  (lie  utility  function  for  money. 
The  incremental  utility  for  money  increased  at  approximately  the  square 
root  of  the  monetary  increments,  and  the  disutility  of  monetary  losses  de- 
creased at  about  the  same  cate.  Refinements  in  the  experimentation  by 
(lalanter  & Pliner  (1974)  suggested  that  the  rate  of  utility  gain  for  mone- 
tary increments  is  slightly  slower  than  the  rate  of  utility  loss  for  mone- 
tary decrements. 

This  second  order  finding  is  of  some  interest  insofar  as  it  may  be 
related  to  the  dynamic  mechanisms  of  incremental  utility.  Thus,  although 
it  would  be  Ideal  to  have  an  algebra  of  utility  that  enabled  us  to  calcu- 
late the  final  utility  of  increments  of  X dollars  minus  decrements  of  Y 
dollars,  currently  we  must  settle  for  a utility  estimate  of  the  consequences 
of  the  total  transaction.  In  the  context  of  our  urrent  understanding  we 
consider  thes«?  dynamic  phenomena  as  a static  event  that  represents  either 
an  increment  or  a decrement  in  monetary  value,  and  has  a single  utility 
associated  with  it.  Under  the  subject  contract  pilot  experiments  were  per- 
formed to  try  to  assess  dynamic  utility.  The  experimental  paradigm  (a  social 
psychological  experiment)  required  that  two  groups  of  subjects  appear  to  parti- 
cipate In  an  experimental  auction.  One  group  received  $2  with  which  to  parti- 
cipate in  the  auction.  The.  other  group  received  $5,  and  then  because  of  a 
"mistake"  by  the  assistant  had  to  refund  $3  before  the  experimental  auction 
began.  The  true  experimental  question  concerned  the  utility  of  the  $2  held 
by  each  group.  Although  questionnaire  data  supported  the  conjecture  that 
the  utility  of  $2  arrived  at  by  $5  minus  $3  W3s  Less  than  the  utility  of  $2 
directly  received,  the  subsequent  experimental  attempts  to  assess  these 
differences  behaviorally  did  not  yie Ld  data  that  were  statistically  signifi- 
cant. If  new  experimental  procedures  could  be  developed  to  examine  this 
problem,  it  could  lead  to  a utility  equation  that  would  permit  calculation 
not  only  of  monetary  increments  and  decrements,  but  of  combinations  of  such 
gains  and  losses  with  other  valuable  or  noisome  commodity  bundles. 

Be  that  as  it  may,  the  continuing  refinement  of  utility  scaling  left 
us  in  a position  of  arguing  on  the  basis  of  scaling  experiments  that  the 
growth  and  decline  of  subjective  value — utility — followed  a power  law  with 
an  intuitively  plausible  exponent.  The  next  step  was  to  ask  whether  this 
utility  function  predicted  the  ongoing  behavior  of  people  guided  by  the  con- 
sequences of  their  actions.  To  study  this  problem  we  turned  to  experiments 
within  the  context  of  the  theory  of  signal  detectability.  In  this  paradigm, 
subjects  are  asked  to  make  decisions  about  limenal  events,  and  they  receive 
feedback  in  the  form  of  rewards  and  losses  contingent  on  their  decisions 
and  the  payoffs  posted  by  the  experimenters.  In  the  normal  form  of  the 
experiment,  subjects  gain  and  lose  small  quantities  of  money  on  each  of 
a sequence  of  trials  in  which  they  correctly  or  incorrectly  detect,  dis- 
criminate, or  identify  the  presence,  absence,  or  difference  among  various 
stimulus  events  presented  to  them.  The  experimental  question  at  issue  is 
whether  by  characterizing  the  entries  in  the  payoff  matrix  of  such  an  ex- 
periment as  utilities  calculated  from  previously  ascertained  utility  func- 
tions, we  would  be  able  to  predict  the  performance  of  the  subjects  in  these 
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experiments  simply  Lrom  .1  knowledge  or  the  entries  in  the  payoff  matrix. 
After  various  attempts  at  experiments  to  assess  this  predictive  power  of 
the  utilitv  function,  wc  can  Si  ate  with  some  confidence  that  the  utility 
function  that  we  have  observed  by  the  methods  of  magnitude  estimation 
which  yield  exponents  of  ca . 0.46  for  increments  and,  ca.  0.55  for  decre- 
ments are  sufficient  to  predict  the  reinforcing  effects  of  trial -by-trial 
payoffs  in  a signal  detection  type  of  experimental  paradigm,  "his  result, 
reported  by  Kornbrot  and  Galanter  (JEP  in  press)  is  shown  in  Table  1. 

These  data  justify  the  interpretation  of  the  utility  scale  obtained  by 
direct  methods  as  a metric  with  predictive  power  for  behavioral  experi- 
ments. The  data  of  Table  1 were  analyzed  to  estimate  the  utility  function 
parameter  for  the  assumed  power  function  based  on  the  hypothesis  that  either 
the  theory  of  signal  detectability,  or  the  choice  theory  of  threshold  de- 
termination was  the  appropriate  model  of  the  sensory  effects.  Although  the 
estimates  of  the  slope  function  differ  significantly  (p  < .01)  depending 
on  the  sensory  theory  that  is  used,  neither  of  the  estimates  of  the  slopes 
differ  over  all  from  the  estimates  of  the  parameter  based  on  psychophysical 
scaling  data.  The  table  also  shows  that  averaging  across  subjects  by  blocks 
as  compared  to  averaging  within  subjects  across  blocks  makes  neither  a 
practical  nor  a statistical  difference  in  the  observed  values. 

Success  in  the  scaling  of  money  led  us  to  the  question  of  whether 
utility  theory,  that  is  a theory  that  ascribes  all  of  human  value  to  a 
one-dimensional  continuum,  is  adequate  to  cope  with  the  plurality  of 
events  that  are  either  desired  or  despised  by  people.  Consequently  we 
extended  the  magnitude  estimation  experiments  on  the  utility  of  money 
to  encompass  the  utility  of  events  that  were  not  directly  monetary  in 
nature.  Thus  for  example,  we  wanted  to  estimate  the  numerical  utility 
of  "successfully  completing  your  income  tax  return,  " or  the  disutility 
of  "getting  a fiat  tire  on  your  way  to  work."  It  was  simple  to  get 
people  to  assign  magnitude  estimation  values  to  the  utilities  and  dis- 
utilities of  a variety  of  events  of  this  kind.  However,  there  was  no 
intrinsic  evidence  in  these  data  to  support  the  view  that  such  it  derived 
utility  value  for  events  represented  anything  more  meaningful  than  the 
accidental  numbering  behavior  that  people  happened  to  adopt.  In  order 
to  "validate"  in  some  sense  the  observed  utilities  assigned  to  these  non- 
monetary events,  subjects  were  asked  to  judge  the  utility  of  monetary 
events  in  the  context  of  these  non-monetary  events. 

Interspersed  among  the  requests  for  utility  estimates  for  non-mone- 
tary  events  were  additional  queries  for  estimates  that  included  items 
such  as  "you  have  won  the  state  lottery  for  $5,000,"  or  "you  have  lost  a 
civil  suit  for  $1,600."  With  a half  dozen  of  these  monetary  items  inter- 
collated  among  the  non-monetary  ones,  we  were  then  able  in  the  subsequent 
data  analysis  to  extract  the  monetary  events  and  plot  them  against  money. 
This  permitted  us  to  ascertain  if  the  utility  function  for  the  monetary 
events  embedded  in  the  non-monetary  items  yielded  the  same  exponent  as 
the  utility  function  for  monetary  events  estimated  alone.  The  results 
of  our  initial  experiments  (PLR-36)  Lends  support  to  that  hypothesis  (see 
Figure  1)  . 

The  consequence  of  this  class  of  experiments  is  that  we  are  now  able 
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Table  1 


Values  of  the  utility  function  exponent 
estimated  from  psychophysical  experiments.  Two  different 
theories  were  used  to  characterize  the  perceptual  responses. 


Signal  Detection  Theory  Analysis 


All  Pay-Offs  Positive 

All  Pay-Offs  Negative 

Estimated  utility  func- 
tion exponent  for  in- 
crements of  money. 

Estimated  utility  func- 
tion exponent  for  dec- 
rements of  money. 

Averaged  by  S/s 

0.59 

0.60 

Averaged  by  Blocks 

0.60 

0.59 

Choice  Theory  Analysis 

All  Pay-Offs  Positive 

All  Pay-Offs  Negative 

Estimated  utility  func- 
tion exponent  for  in- 
crements of  money. 

Estimated  utility  func- 
tion exponent  for  dec- 
rements of  money. 

Averaged  by  £'s 

0.37 

0.39 

Averaged  by  Blocks 

0.39 

0.37 
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to  measure  (in  the  empirical  sense  of  that  term)  the  relative  values  asso- 
ciated with  a variety  of  events  by  individuals.  Insofar  as  the  goal  of 
the  scientific  enterprise  is  more  than  simply  the  titillation  of  the 
scientific  imagination,  then  a ramification  of  these  experiments  is  to 
make  the  measurement  of  human  values  amenable  to  the  same  kinds  of  prac- 
tical goals  as  the  empirical  analysis  of  human  intellectual  performance, 
or  the  assessment  of  personality  by  psychometric  techniques.  We  here  pro- 
pose the  use  of  these  utility  measurement  techniques  for  the  practical 
assessment  of  incentive  systems,  environmental  annoyance,  public  safety 
procedures,  and  in  general  for  the  evaluation  of  the  consequential  effects 
of  policy  decisions. 

It  should  be  remarked  in  closing  this  section  that  there  are  many 
theoretical  issues  involved  in  the  measurement;  of  utility  from  the  niathe- 
matical  side  that  are  only  tangentially  touched  by  our  work.  The  develop- 
ment of  coherent  mathematical  models  for  utility  scaling  using  the  classi- 
cal criteria  of  such  models  has  not  been  attempted  except  for  a small  sortie 
by  Jacobs  (1973)  who  hoped  to  find  a technique  for  converging  the  obtained 
utility  scale  from  magnitude  estimation  experiments  with  category  scales  of 
utility  that  could  be  subsumed  under  a Thurstonian  model.  We  have  not  pur- 
sued the  development  of  such  mathematical  models  simply  because  it  seemed 
prudent  to  grasp  first  the  broad  outlines  of  the  nature  of  human  utility 
judgments,  and  the  plausibility  of  the  utility  idea  as  a general  concep- 
tion of  human  motivation  before  developing  models  that  could  constrain  our 
experimentation. 

In  the  course  of  these  researches  we  have  been  led  from  time  to  time 
to  conjecture  alternatives  to  the  one-dimensional  model  of  motivation  that 
utility  theory  proposes.  However  without  a richer  theory  to  guide  us,  we 
have  been  unable  to  capture  the  intuitively  plausible  view  that  there  are 
other  things  in  the  world  beside  money  or  its  utility  transform,  that  counts. 
In  the  next  section  we  discuss  a theory  of  action  that  may  accommodate  some 
of  these  ideas. 

Response  Organization 

Most  psychologists  presume  that  once  perceptual  Information  has  been 
appropriately  encoded  and  evaluated  and  the  costs  and  benefits  of  alter- 
native courses  of  action  assessed,  behavior  is  instituted  that  optimizes 
the  functional  relations  between  the  perceptual  environment  and  the  con- 
jectured outcomes.  In  the  section  that  follows  we  will  talk  about  the 
scaling  of  perceptual  phenomena  and  their  relation  to  action,  here  we  will 
concentrate  on  the  question  of  whether,  given  appropriate  perceptual  In- 
formation and  its  correlation  with  outcomes  whose  utilities  can  be  assess- 
ed, behavior  can  bo  construed  as  action  guided  by  continuous  or  possibly 
intermittent  feedback  of  perceptual  information  about  the  action,  or 
changes  in  the  utility  states  of  the  individual . 

As  outlined  above  such  a conceptualization  of  human  action,  guided 
by  perceptual  information  on  the  one  hand  and  the  consequential  outcomes 
of  action  on  the  other,  represents  a central  tenet  of  modern  behavior 
theory.  It  is  exemplified  in  work  as  disparate  in  its  spirit  as  that  of 
B.  F.  Skinner  and  the  general  principles  of  operant  conditioning  (cf. 
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Sr'iiiiu-c  , . ■■  m t t:u-  cognitive  theory  of  Plans  and  the  St  ructure  of 
Behavior , as  proposed  by  Miller,  Galanter , and  Pribram  (I960). 

Experimental  work  conducted  under  a previous  contract  with  the  Office 
of  Naval  Research  had  given  us  an  opportunity  to  engage  in  perceptual  scal- 
ing during  the  performance  of  dynamic  tasks — manuevering  an  aircraft  and 
obtaining  judgments  about  visual  and  temporal  perceptions  of  environments 
external  to  the  aircraft.  In  the  course  of  this  work  it  appeared  that 
much  of  the  over-all  guidance  was  accomplished  without  any  reliance  whatso- 
ever on  either  visual  sensory  information  from  outside  the  aircraft,  or 
informational  data  from  the  Instrument  display  in  the  aircraft  itself.  In- 
formal experiments  indicated  that  an  on-time  duty  cycle  of  ten  percent  in 
the  visual  system  was  sufficient  to  provide  adequate  information  for  the 
guidance  of  a light  aircraft  through  a standard  ipproach  and  landing  pat- 
tern down  to  within  three  seconds  of  the  tduchdown  point. 

These  results  led  us  to  believe  that  enormous  segments  of  the  behavior 
associated  with  the  primary  task  of  landing  the  aircraft  were,  not  under 
local  stimulus  control,  but  rather  were  run  off  as  an  essentially  ballis- 
tic act.  Clearly,  during  the  course  of  such  a ballistic  act  other  maneuvers 
were  instituted  that  were  under  local  feedback  control.  These  included,  for 
example,  maintaining  a "wings  level"  attitude  of  the  aircraft  during  the 
final  approach  phase.  However  it  was  obvious,  at  the  intuitive  level,  that 
maintaining  a "wings  level"  attitude  was  not  part  of  the  landing  procedure, 
rather  it  was  a housekeeping  chore  performed  through  the  operation  of  feed- 
back information  that  served  the  primary  ballistic  task  of  getting  the 
airplane  down.  As  a result  of  these  informal  observations  and  experiments, 
we  concluded  that  the  classical  theory  of  psychological  behavior,  based  as 
it  is  upon  the  general  principles  of  feedback  correction  of  ongoing  actions, 
might  itself  be  modulated  through  some  new  feedback.  This  feedback  theory 
had  become  so  well  entrenched  as  to  carry  psychological  experimentalists 
along  by  its  own  ballistic  dynamics.  Consequently  members  of  the  laboratory 
and  other  colleagues  con sorted  in  the  discussion  and  development  of  an  alter- 
native to  the  generally  accepted  principle  of  feedback  guidance  and  behavior- 
al control  to  develop  an  alternative  conceptual  schema.  This  new  approach 
although  not  necessarily  contradictory  to  existing  theory,  represents  at 
least  a supplemental  set  of  ideas  with  some  potential  for  new  and  altered 
understanding . 

The  central  point  of  this  modification  of  "adjustive"  psychological 
theory  is  that  the  primary  structure  of  action  is  ballistic.  This  is  not 
merely  to  say  that  there  are  certain  small  acts  that  are  known  to  be  bal- 
listic, e.g.,  eye  movements,  but  rather  that  behavior  in  the  large  is  often 
ballistic  In  its  structure,  not  under  the  control  of  on-line  perceptual  in- 
formation. In  a sense,  we  are  abandoning  what  we  have  called  the  doctrine 
of  "local  advancement . " In  S-R  theory  this  usually  takes  the  form  of  the 
chaining  of  S-R  responses  in  which  some  item  further  down  the  chain  is 
irrelevant  to  the  current  action.  In  cognituve  theory  it  takes  the  form 
of  a tactical  organization  of  plans  so  that  subsequent  action  sequences 
are  conditional  upon  the  outcome  of  certain  test  operations. 

To  characterize  the  nature  of  ballistic  action  in  the  context  of  the 


present  di  :•  i w . i .•  1 > ' f:  g ent  al  to  the  theory, 

and  also  capable  of  potent  ai  1 ••navi.os  al  1 iservation.  These  criteria  are: 

L)  that  behavior  mav  :im;  uui'.  r ::it  tri.i'  beyone  a "stop  command" 
delivered  by  the  present  pc-  ceptual  information,  and 

2)  that  the  refun:  to  on-ci  urso  behavior  following  a deviation  from 
the  intend  d eours<  ot  •<  non  is  quanta!  i.e.,  not  a return  graded 
to  the  magnitude  oi  tne  deviation. 

Titus,  a "baliiscir  act'  i a preprogrammed  enduring  cours.  of  action  defined 
by  the  intentions  of  i'.e  actor  in  terns  of  scaler  utilities  consequential 
to  the  consumatioi  el  ; he  Ln : « i . Ion. 

Our  original  lonceptlot  oi  Human  action  as  planned  and  foresightful 
relied  primarily  upon.  • ontimiing  servo-system  modulation.  That  model  made 
many  assumptions  about  in  con?  '.nuous  goal  directed  guidance  cr  feedback 
that  was  contained  in  the  overal  structure  of  task-oriented  performance. 

The  current  proposal  invar-  . the  notion  that  the  intentional  acts  are 
primarily  ballistic,  and  the  serv-  ‘Ike  module  ions  of  tin;  course,  of  action 
that  accompany  the  action  or.  intended  primarily  either  to  keep  the  final 
goal  accessable  to  some  perceptual  monitoring  system  or  to  reevaluate  the 
utility  of  the  goal.  Another  »<ty  to  think  of  this  revision  of  our  original 
theory,  is  that  people  act  .is  though  chexr  ballistic  target  requires  them  to 
transverse  a viscous  and  turbulent  medium  whose  perturbations  influence  their 
actions.  These  transient  perturbations  are  accommodated  by  local  feedback 
controlled  adjustments  much  in  the  way  that  an  inertial  guidance  system 
functions  in  a ballistic  vehicle  to  ensure  continuous  on-course  progress  in 
the  face  of  local  turbulance. 

The  notion  that  sub-plans  function  to  accommodate  a final  goal  is  what 
we  here  eschew,  as  do  the  S-R  theorists.  Local  acts  serve  only  local  pur- 
poses. Of  central  importance  to  this  theory  is  the  premise  that  the  time 
scale  of  a behavior  is  » he  major  correlate  oi  the  underlying  mechanism  of  the 
behavior.  In  some  cases,  this  rents e is  simply  a restatement  of  experi- 
mental finding...  In  other  contexts  it  results  ir  a recasting  of  the  pro- 
posed mechanisms  of  behavior  in  the  largo.  The  current  literature  inverts 
the  view  we  here  propose.  Gene rally , experimental  data  are  presented  to 
support  the  position  that  ballistic  o-  pre-programmed  action  sequences 
occur  in  the  small  (Klapp,  1975)  or  the  fast  (Roy  and  Martenuik,  1974), 
and  that  larger,  or  lover  behavior  patterns  conform  to  the  closed-loop, 
or  feedback  hypothesis  (Adams,  Goetz,  and  Marshall,  1972).'  This  is  prob- 
ably true,  ami  our  own  experiments  on  fast  reaction  times  (Galanter,  Brief, 
and  Owens,  1971)  add  to  this  data  base.  But  what  we  hare  mean  by  slow 
and  large  behavior  is  several  orders  oi  magnitude  slower  and  larger  than 
the  current  literature  examines.  Here  we  mean  what  lias  been  called  classi- 
cally "molar"  behavior.  In  tlu  real  world  such  behavior  is  defined  by  its 
"intentional i ty , " e.g.,  "landing  an  airplane."  Classical  theory  has  always 
attempted  to  breakdown  such  molar  acts  into  molecular  segments.  The  re- 
synthesis of  these  segments  constitutes  the  classical  aim  of  behavior  theory. 
The  feedback  hypothesis  is  one  such  mechanism  for  linking  these  molecular 
acts,  even  where  these  acts  are  larger  than  the  twitch-like  components  of 
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of  which  they  may  be  competed. 

Implicitly,  however,  i is  assumed  that  if  the  feedback  hypothesis  is 
true  for  "big"  pieces  of  be)  avior,  i t is  ter;  liriJy  true  for  "bigger1  pieces. 
What  we  here  propose  is  that  to  the  ontr&ry,  it  i . the  v**ry  small  and  fast, 
and  the  very  large  and  elaborate  behaviors  tha  tire  ballistic,  whereas  the 
mid-sized  but  still  really  quite  small  behavior  patterns  are  servo-controlled. 
But  before  we  plunge  ahead  wi I h a discussion  of  large  stale  ballistic  acts, 
let  us  review  the  feedback  hypothesis  once  again  ind  examine  some  criticisms 
of  it  as  an  explanatory  concept  for  behavior  in  the  large. 

The  feedback,  or  loset.  loop  hypothesis  of  motor  control  is  the  most 
widely  accepted  structure  1 contemporary  psycho-moto-  theorizing.  (Garvey 
and  Mitnik,  1957;  Anokhii  . 1969;  Chase,  1965;  Weiss,  1950).  It  has  been 
used  as  an  underpinning  for  tasks  as  diverse  as  the  transformation  of  the 
punctate  action  of  neural  elements  into  behavioral ly  meaningful  conglome- 
rates, while  it  has  also  served  as  a metaphorical  description  of  the  organi- 
zation of  complex  temporally  extensive  molar  behavior.  The  central  question 
which  we  raise  however,  concerns  the  heuristic  and  substantive  value  of  con- 
tinued use  of  the  feedback,  hypothesis  alone,  in  the  molar  analysis  of  complex 
motor  acts. 

There  are  at  least  three  considerations  which  argue  that  one  must  be 
careful  about  the  scope  of  feedback  modification  in  human  action: 

1)  the  temporal  characteristics  of  action,  in  the  small  (and  in  the 
large)  may  be  too  small  to  allow  efficient  integration  of  the  in- 
formation potentially  available  for  feedback, 

2)  a priori,  the  existence  of  response-mediated  fe.edback  is  not  a 
sufficient  condition  for  the  uniqueness  of  a feedback  mechanism 
of  movement  control.  The  functional  importance  of  feedback  must 
be  empirically  validated,  particularly  in  contexts  which  vary  the 
relative  value  in  the  behavioral  economy  of  servo-damped  accuracy. 

3)  the  formal  description  of  a feedback  loop  suggests  a typology 
of  human  sensory  capacities  and  perceptual  styles  which  are  at 
variance  with  our  present  conception  of  the  large  scale  psycho- 
physics of  human  perception.  In  particular,  the  linearity  of 
the  error  operator  runs  counter  to  many  of  the  results  of  psy- 
chophysical scaling  experiments. 

It  has  long  been  known  that  some  sequential  movements  are  executed 
so  quickly  that  it  is  difficult  to  understand  how  feedback  could  be 
utilized  in  their  execution.  This  point,  was  first  detailed  by  Lashley 
(1951)  and  subsequent  measures  of  reaction  times  to  both  visual  (Keele 
and  Posner,  1968)  and  kinesthetic  feedback  (Chernikoff  and  Taylor,  1952) 
strongly  suggest  that  many  small  scale  movements  must  occur  In  the  absence 
of  feedback. 

In  this  laboratory,  experiments  on  serial  inter-response  times  (Galanter, 
Brief,  and  Owens,  1971)  show  mean  inter-resporse  times  as  low  as  12  msec.. 
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Suggest  ug  i .it . i : . ,»o  sos  titcufu  (see  Figure  2).  Suc.h  re- 

sult.1; are  i neons  .stem  wish  S-'.  chain : rt;>,  models  in  r-nera L and  t he  feedback 
hypothesis  in  pa.  * .*  ,.j  . . *rt.5;«- * >r  , o mroid  tna)  -sit;  of  :.wtor  skills 
by  Fleishman  (1954)  I is  shown  that  tl.  se  ;rial  responses  are  one  of  the 
two  princ  i > 1 i«*t  'its  p rov".  mot".-  rk*  ' '•  ”*i« • >*:her  major  factor  load- 
ing he  report  w •'  Lnc  t"  i • -.a  < .*  vem  .hicii  occurrec  only  during 

the  vet>  late  of  th  • iten  unabl  , feei  be  k controlled . 

Thi s late— sta$  gradin  roba  • • ult  I he  very  steep  reward 

gradients  which  ipp«  ,-ir  during  t fu>  final  stages  o skilled  acts  such  as  be- 
havior in  the  touchdown  tout  during  the  minding  of  an  airplane.  This  is 
properly  the  provi  .re  ot  • > * so  ■ :ui  u iti>  ism  anti  will  be  returned  to  .sub- 
sequently. M a : i (1967)  demonstrated  that  entire  bi— phasic  eye-movement 
(Woodworth,  1899)  responses  • a > ted  in  Less  time  than  would  be  re- 
quired for  feedbac  c to  jei  ve  f fecti  . . I.n  particular  he  showed  that  when 
the  target  is  moved  upon  r espouse  nit  iatior.,  th;  t the  response  is  appropriate 
for  the  initial  target  with  delayer'  correction.  Festinger  and  Canon  (1965) 
have  also  demons*,  rated  thi-  cJlett  ising  eyt  movements  is  the  response. 

Gibbs  (1970)  presents  data  suggesting  the  ballistic  nature  of  correc- 
tive actions.  In  plots  of  position  v-  rsus  time,  corrections  occur  as  ptece- 
wise-continuous  segments  lathe;  than  as  curvilinear  returns  to  track  as  ex- 
pected under  serve  damp  i n;  VouJ'  or  (.1957)  demonstrated  that,  target  rather 
than  cursor  intcrniittencics  i most  damaging  to  tracking  behavior.  This 
can  also  be  explained  as  a result  of  the  ballistic  nature  of  responses,  be- 
cause a cursor  intermit teney  represent  no  real  loss  of  information.  Indeed, 
such  intermitt encies  won.  . epre : otit  no  loss  at  all  if  they  matched  exactly 
the  time  course  oi  the  bal'esti:  components.  The  usual  interpretation  of 
these  experiments  that  assigns  major  value  to  kinesthetic  feedback  in  this 
context  is  questionable  insofar  as  the  delay  times  in  neural  transmission 
have  been  shown  to  be  toe  long  to  support  such  a mechanism  (Chernikoff  and 
Taylor,  1952). 

There  is  no  reason  to  expect  that  th<  situation  is  much  different  as  we 
move  to  behavior  with  a longer  time  sc.a1e  for  the  following  reasons.  The 
local  short-tent.  ..opponents  i.  of  little  or  no  immediate  value,  as  evidenced 
above.  As  the  conq  Le tit j ol  • • tlon,  in  to to,  increases  the  information 

available  is  generally  degraded.  Thai  is,  large-scale  actions  generally 
possess  a time  course  large  enough  . o make  the  average  information  per  unit 
time  decrease.  This  is  be  cause:  ‘he  coding  schemes  used  to  make  'he  informa- 
tion structure  of  a complex  act  possible  place  limits  on  the  rate  of  growth 
of  information  (it:  bits)  as  a function  of  ti.sk  complexity  (Miller,  1956). 

Thus  as  the  time  of  the  action  grows  longer  the  Information  context — the 
average  rate  of  information — decreases  and  the  temporal  interval  between 
informative  points  increases.  T1  is  is  an  example  of  the  time  scale  premise 
alluded  to  earlier.  The  result  is  that  it  is  reasonable  to  suppose  that  it 
would  be  biologically  advantageous,  in  many  contexts,  to  pre-plan  the  course 
of  extensive  actions.  That  is,  it  may  be  the  case  that  ballistic,  action  is 
more  efficient  than  servo-damped  control  from  the.  viewpoint  of  the  organism. 

No  reasonable  data  on  this  question  seems  to  he  available. 


The  second  point,  that  feedback  may  have  little  functional  value,  must 
be  considered  carefully  in  any  interpretation  of  the  data  on  human  performance. 
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Put  simp]  . ••  • • nsequential  to  an  action,  in  the 

sense  of  pay-offs,  h i-  more  important  l:ru  uc  .ir.  c odai.t  onditions  in  the 
formation  of  responsi  probability  sectors  (G  Ian:  *r , 1 *74;.  . In  particular, 
in  contexts  when  the  number  oi  available  h ■ c-|  ti \t  • < i bit  3 /uni t time 
of  Information)  is  rtivelv  smaJ  1 , it  is  reas  ..  ’ to  propose  that  the 

total  utility  accruin'',  from  tn  tet  ion  sequence  • »ld  be  higher  under  ballis- 
tic than  under  response-mediated  control  of  heh.  v •'  • . . Under  Such  conditions, 
it  is  expected  rh.it  the  individual  will  trade  servo-<  -ntrol  for  ballistic 
s ir.-,  ■ Licity . i t ■ tainlj  is  a ballis t J a i 8- 

si le  over  a guldi  for,  ivel  r p ty-of f 

accriiu  to  the  genera]  zed  enr<  emit  i tents  of  1 tills  tic  travel. 

Anecdotally,  this  country  made  just  such  a <•;.  < in  defc  se  design.  The 

suggestion  is  th.  i the  same  kind  r choice  may  be  video 'e  in  t tie  direct 
behavior  of  individuals.  Thus,  although  feedback  ontr-1  is  a possible 
model  of  performance  in  the  sense  that  it  characterize.*-  a way  in  which  some 
hypothetical  entity  could  accomplish  its  movements,  there  is  no  reason  to 
suppose  that  organisms  actually  accomplish  their  nctionK  this  way. 

following  Weiner  (194b)  most  feedback  theorists  have,  assumed  that  the 
availability  of  feedback  Is  tantamount  to  the  utilization  of  feedback.  They 
have  pointed  to  evidence  such  as  Intentional  tremor  in  cerebellar  patients 
as  proof  of  their  hvpothesis.  In  face,  the  impressive  aspect  of  movement 
pathologies  is  that  the  patients  dc  arrive  a*  ‘heir  goals.  The  tremor  may 
be  understood  us  internal.]’'  generated  or  auf'-.f  netic  turbulence  which  the 
patient  "rides  through"  in  arriving  at  the  goal . ’ resiuaably,  increased  re- 
ward iti  the  effectiveness  of  this  turbulence  compensation . 

Clinically  such  effects  are  commonly  referred  to  as  "the  will  to  live"  or 
other  such  phrase.  They  represent  thr  donut  nance  ji  afferent  cathexes  in 
movemen1  reactions.  1-  l1>  laboratory,  much  worl  concerning  this  problem 

has  beet  done  under  the  label  of  the  "speed-aci  ut  it  . - The  central 

result  of  the  speed-accuracy  trade  of!  experiments  is  that  appropriate  arrange- 
ments of  pay-off  contingencies  can  lead  at  one  extreme  to  ar  almost  compul- 
sive attention  to  detailed  accuracy  requiring  utilisation  of  feedback.,  where- 
as at  the  other  extreme  reactions  30  rapid  at  e produced  that  no  attention  to 
feedback  is  possible  .j  the  time  course  oi  the  response  disallows  the  avail- 
ability of  relevant  feedback  information. 

The  effects  of  pay-off  structures  o:  the  distributional  characteristics 

of  simple  and  complex  reaction  times  were  originally  demon  trated  by  Snodgrass, 
Luce,  and  Galanter  (1967)  Efforts  ■ < initi  ite  work  c,n 

the  def lectability  of  on-course  behavior  by  off-course  01  Incidental  reward 
gradients.  This  information  wouL  St rv-  to  connect  the  area  of  the  speed/ 
accuracy  of  reaction  time  to  1 he  study  of  the  speed/accuracy  trade-off  in 
movement  time,  in  the  context  of  the  relations  between  servo-loop  and  ballis- 
tic performance  (Schmidt,  19/1;  McGuigan,  1959;  Plki , i97i;  Luce  and  Green, 
1972)  . 

Before  leaving  tills  point,  ir  is  impor’  Jnt  tj  realize  that  outcomes, 
in  the  sense  of  pay-offs  or  reinforcements,  are  not  equivalent  to  response 
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mediated  feeu  back.  Foi  view  e spit  Lea]  distinctions  see  Smith 

(1966).  In  brief,  pay  offs  rve  to  delineate  rhe  task  whereas  feed-back 

serves  to  modulate  the  c.ou ere  of  a :i>,r  r point  iie.ro  is  that  the  pay- 

off structure  mav  so  dominate  the  action  that  feed-back  is  of  little  use 
in  the  control  of  orror..  and/or  de •'  1 e .ions. 

The  third  po int  of  our  cxitique  > feed-back  models  is  based  on  a dis- 
crepancy between  the  forma;  model  . feec-bac.l  as  it  is  normally  formulated, 
and  the  empirica!  information  on  oennory  capacities  from  which  sensory  scales 
are  derived.  >n<  rtsuLl  of  the  historical  be' » ioi : >ent  of  the  feed-back  model 
is  the  use  of  linear  and  quasi -linear  amp]  n both  the  forward  and  the 

backward  paths  of  the  feed-back  loop.  In  particular,  the  central  tenet  of 
servo-looping  ..  th  conct  srrei  re  lueti<  - i ror  is  defined  as 

the  difference  between  the  lerirtd  or  ;ommand< d output  and  the  feed-back 
amplified  obtained  output.  • 1 • » usual lv  referred  to  as  the  "perceived" 
error  (Ruch,  1951) . T-.us  Lee  ting  ’j  be  the  desired  output,  90  the  actual 
output,  and  A and  B the  forward  and  the  backward  anplif ication  scalers  res- 
pectively, the  error  i.  d -f  in  cl  , +<■  u 

9i 

1)  G * 6t  - 60  B r+-^ 

This  aquation  demonstrate  the  I nearlt)  the  • gain  and  the  effect 
of  this  gain  on  error  reduction.  However , onalder  the  simple  task  of 
reaching  for  a cup  of  coffee.  1 . vict: J In  ranee  between  cup  and  hand 
generates  a signal  to  decrease  that,  dist  • to  appropriate  movement  of  the 
hand  towards  the  ctn.  According  to  the  feed-back  hypothesis,  a series  of 
successive  damped  approx imatl  ns  finally  su  in  bringing  the  hand  to 

the  cup.  Even  If  the  description  is  metaphorically  correct,  it  fails  to  in- 
corporate the  fact  that  all  the  sensory  information  in  this  situation  is 
represented  by  the  psychophysical  function  of  toe  physical  distance.  That 
is, 

2)  'f(d)  = adn 

where  c Is  the.  physical  distance  and  a and  n seals  parameters  (Stevens,  1961). 
Unless  one  wishes  to  argue  that  sensor  -,:a  es  represent  events  totally  epi- 
phenomenal  to  the  business  uf  getting  around  in  the  world,  the  initial  com- 
mand message  and  rhe  continuing,  feed-rack  concerning  the  successively  smaller 
remaining  distances,  or  both  must  i: elude  effects  due  to  the  non-linear 
transduction  of  sensory  inflow.  For  example,  a physical  error,  d,  be- 
tween obtained  and  desired  hand  locor  relative  to  an  object  gives  rise 
to  visual  feed-back  which  most  reasonably  is  conceived  of  as  distance- 
like. Thus  if  d^,  d0,  dd  represent  the  initial,  obtained  and  desired  dis- 
tances, respectively  then  the  error, Ad,  is  given  bv : 

3)  Ad  = d0  - dd 

Now  dd  is  presumably  dependent  on  d|,  in  particular  on  the  perceived 
initial  distance  V(dj)  « ad^n.  Thus 

A)  dd  - F(adtn) 
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In  like  manner  the  feed -forward  and  feed- hack  amp ; If  icat  Ions  represent 
transformations  on  this  function  which  may  themselves  be  non-linear  (in 
the  sense  that  perceived  extention  is  non-linear  with  Its  physical,  measure). 
Taken  as  a whole,  the  effect  could  he  a wildly  ncn-Hnear  system.  Of 
course,  the  role  of  functions,  such  is  F may  he  to  linearise  the  output. 

This  Is  Irrelevant  for  the  present  discussion  which  Is  solelv  intended  to 
point  to  the  possible  effects  that  have  teen  overlooked  in  the  context  of 
feed-back  theory.  Further  experimental  and  analvtical  work  is  required  to 
evaluate  the  appropriateness  oi  the  criticism.  It  Is  for  considerations 
of  this  kind  that.  Galanter  (1974)  suggested  that  i t Is  Important  to  inves- 
tigate the  effect,  of  non-linear  translations  on  human  performance. 

Ironically,  this  problem  has  missed  the  attention  of  manv  interested 
In  motor  behavior.  This  is  probably  the  result  of  the  historical  fact 
that  the  physical  domain  most  closely  examined  in  tracking  and  motor  be- 
havior is  physical  extent,  for  which  the  psychophysical  function  is  (near- 
ly) linear.  It  is  entirely  possible  that  analogous  investigations  of  track- 
ing in.  say,  the  atiditory  intensity  domain  or  the  tracking  of  visual  bright- 
ness may  lead  to  significant  non -I inearitie . in  this  behavior.  Such  non- 
linearities  would  explain  performance  decrements  in  many  real  world  situa- 
tions such  as  the  response  to  the  center  line  strobe  lights  in  IFR  landing 
conditions,  and  the  failure  of  the  FLYBAR  navigational  system. 

But  before  we  consider  these  perceptual  phenomena  in  detail  in  the 
next  section,  we  turn  our  attention  now  to  efforts  taken  in  the  laboratory 
to  develop  experimental  paradigms  for  the  measurement  of  human  response 
time.  There  is  no  need  here  to  delve  into  the  long  history  of  the  reaction 
time  experiment.  Suffice  it  to  sny  the  experiment  itself  fs  replete  with 
a variety  of  problems.  One  of  the  main  problems  is  that  the  experiment 
seems  to  be  transparently  simple  in  its  nature  and  that  the  control  of  the 
dependent  variable — response  time — often  appears  in  experimental  data  to 
be  under  the  control  of  simple  characterizations  of  the  physical  stimulus. 
These  two  features  of  the  experiment  have  been  critized  in  some  detail  by 
Galanter  (1966)  and  form  the  baste  of  the  development  of  reaction  time  ex- 
periments using  feed-back  and  pav-of f principles  as  demonstrated  bv  Snodgrass, 
Luce,  and  Galanter  (1967). 

In  these  studies  however,  the  dependence  of  the  reaction  time  on  the 
physical  stimulus  was  not  examined  in  detail.  But  other  classical  results 
establish  the  strong  dependence  of  the  reaction  ti.me  on  stimulus  values. 
Chocholle's  (1945)  studies  of  reaction  time  as  a function  of  auditory  in- 
tensity generated  the  beguiling  possibility  that  reaction  time  may  be  rep- 
resented as  a simple  (power  function!  behavioral  function  against  physical 
stimuli.  This  psychophysical  function  Is  the  most  trivial  representation 
of  the  stimulus  parameter.  However  Greenbaum  (196.1)  showed  that  the  abso- 
lute intensity  of  the  acoustic  stimulus  was  not  sufficient  to  characterize 
the  reaction  time,  rather  some  quantity  like  signal-to-nolse  ratio  was 
shown  to  be  a better  representation. 

Following  on  this  suggestion,  we  undertook  a series  of  reaction  time 
experiments  in  which  the  signal  intensity  varied  by  as  much  as  two  and 
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one  half  oiders  of  magnitude,  whereas  the  signs  -co-noise  ratio  measured 
In  the  most  simple  ai d obvious  farm  remained  constant  . Results  from  these 
experiments  sliowi  -I  that  the  reaction  t in(  • w;v  in  Invariant  function  of 
signal-to-noise  r.itio  and  that  the  locat  >n  of  the  reaction  disc ributlon, 
i.e.,  the  mode,  was  independent  >f  the  overall  intensity  of  the  input  signal. 
(Figure  3)  The  variability  of  the  oist ributlon  was  ■ ! so  clearly  dependent 
on  the  signal-to-noise  ratio  applied.  The  less  the  :>/ N the  greater  the 
variability  of  the  reaction  time ; the  greater  the  S/N  the  smaller  the  varia- 
bility of  the  reaction  time.  Thesi  genera ! izar.i  *.-se  are  rue  for  sxgnal-to- 
noise  ratios  measured  as  sign. 1 energy  to  noise  power  per  unit  cycle.  Fig- 
ure 4 shows  the  Cuncl  Lon  re]  it In  the  modal  r<  ict  Lon  time  to  S/N  over  a 70  dB 
dynamic  range. 

It  should  be  remarked  that  the  generation  of  data  as  consistent  and 
reliable  as  shown  in  Figures  3 and  4 was  made  possible  by  the  use  of  a 
small  process-control  computer  to  control  the  experimental  environment. 

This  computer,  in  addition  co  presenting  the  stimulus  materials  with  appro- 
priate randomization,  also  collected  the  response  data,  tallied  the  data,  and 
printed  out  the  histograms.  During  the  development  of  this  computer  based 
capability,  other  possible  sources  of  variation  in  the  reaction  time  experi- 
ments were  explored.  One  auxil 1 i ary  study  was  concerned  with  the  question 
of  key  force  requirements,  ana  its  relation  to  the  reaction  time.  In  some 
contexts  key  force  has  appeared  to  be  a variable  of  some  interest.  We  had 
hoped  that  using  the  techniques  developed  for  the  experiment  reported  above 
we  could  avoid  dealing  with  the  possibility  of  a contaminating,  variable  of 
this  kind.  To  insure  that  this  was  the  case  a variable  force  key  was  design 
ed  and  constructed  by  Bernice  Rogowitz . Data  were  collected  from  three  sub- 
jects with  key  force  variations  of  two  to  three  orders  of  magnitude.  These 
results  taken  from  Galnnter  and  Owens  (1*173)  indicated  that  within  the  ex- 
perimental context  we  were  using,  and  with  the  pay-off  contingencies  that  were 
employed,  the  key  force  variable  had  no  influence  whatsoever.  A typical  ex- 
ample of  these  data  are  shown  in  Figure  5. 

Our  next  intended  steps  in  this  research  are  to  explore  whether  the 
concept  of  the  signal- co-noise  ratio  serves  as  a general  representation  of 
the  physical  metric  of  environmental  events,  and  consequently  whether  it 
can  form  the  basis  for  a cognitive  formulation  of  stimulus  information.  Our 
intention  is  to  carry  the  experiments  forward  in  the  visual  mode  using  light 
increments  on  background  luminances.  We  will  then  measure  reaction  time  as 
a function  of  an  appropriately  derived  signal-to— noise  ratio.  Auxilliary  ex- 
periments along  these  lines  are  going  to  be  performed  using  light  increments 
on  configured  backgrounds,  having  Loth  random  configurations  and  configurations 
rich  in  stimulus  information — i.e.,  photographs. 

A second,  purely  mechanical,  concern  but  one  with  deep  underlying  physio- 
logical implications,  is  the  study  of  the  role  of  stimulus  rise  time.  We 
have  evolved  a set  of  distinct  models  that  characterize  how  the  observer  in- 
tegrates information  as  a function  of  time  to  define  the  "presence  of  the 
stimulus. " This  temporal  integration  must,  by  its  very  nature,  interact 
strongly  with  the  reaction  times  that  are  observed.  For  example  two  of  the 
models  that  we  consider  are: 


REACTION  TIME  IN  MILLISECONDS 
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1)  a threshold  model,  the  reaction  time  process  begins  when  the 
"signal  component"  reaches  or  exceeds  a particular  threshold 
level  relative  to  the  "nol9e." 

2)  an  Integration  model,  the  reaction  time  process  Is  instituted 
when  the  Integral  of  the  "signal  Information"  reaches  a pre- 
scribed magnitude  relative  to  the  "noise". 

To  date,  the  subtlety  of  the  design  problem  has  prevented  us  from 
distinguishing  between  these  models  even  though  in  principle  they  yield 
distinguishable  reaction  time  functions  as  a function  of  rise  time.  The 
central  difficulty  is  related  to  the  difficulty  of  estimating  the  additive 
constant  in  the  reaction  time  process.  That  is  to  say,  before  we  can  apply 
either  of  these  models  we  have  to  have  a general  model  of  the  reaction  time 
process  itself  so  that  we  can  distinguish  the  parameters  associated  with 
the  reaction  time  process  from  the  parameters  associated  with  the  signal 
integration  process.  These  studies  are  continuing  on  a low  level  making 
use  of  instructional  budget  funds  for  their  performance.  Consequently  it 
may  be  some  time  before  we  are  able  to  report  in  detail  on  these  aspects 
of  the  reaction  time  research. 

Simultaneous  with  these  studies  of  the  simple  reaction  time,  other 
studies  of  sequential  reaction  time  have  been  performed  since  the  original 
work  reported  by  Brief,  Owens,  and  Galanter.  This  new  work,  a primary  con- 
tribution of  Russell  Adams,  studied  the  capability  of  the  individual  to  con- 
trol the  inter-response  time  by  use  of  appropriate  band  pay-offs  or  sequen- 
tial contingencies.  Some  results  shown  in  Figure  6 demonstrate  that  with- 
out question,  inuividuals  are  capable  of  adjusting  inter-response  times  with 
a precision  of  about  five  percent  (at  long  IRT's)  between  20  and  90  msec. 
Notice  therefore  that  people  are  able  to  adjust  their  inter-response  tiroes 
at  speeds  that  are  all  consistently  faster  than  the  minimum  simple  reaction 
time.  It  Is  this  unusually  provocative  result  that  has  convinced  us  of 
the  autonomous  nature  of  integrated  acts,  and  the  capability  of  human  beings 
to  organize  acta  with  components  that  follow  on  each  other  at  rates  many 
times  faster  than  the  "call-up"  time  of  a particular  response.  It  is  this 
organizational  capability  that  leads  us  to  believe  that  the  theory  of  bal- 
listic structure  for  complex  acts  that  we  postulate  in  this  section  is  a 
plausible  alternative  to  the  classical  feed-back  view  of  large  scale  be- 
havior . 

Psychophysical  Scaling 

Our  experimental  studies  of  psychophysical  scaling  have  taken  two  lines. 
Theoretical  consider ations  have  moved  in  novel  direction.  We  review  first 
experiments  performed  for  the  direct  estimation  of  psychological  scales  of 
various  social  and  physical  events.  The  first  of  these  scaling  efforts 
were  directed  toward  the  construction  of  utility  functions  for  monetary  and 
non -monetary  events.  We  have  reviewed  some  of  the  findings  from  this  work 
in  the  first  section  of  the  present  report. 

A second  class  of  experiments  was  undertaken  to  connect  category  Judg- 
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raents,  the  most  widely  used  form  of  psychological  scaling,  to  magnitude 
estimations.  This  effort  to  connect  the  two  iorms  of  psychophysical  scal- 
ing represents  a continuation  of  the  original  work  by  Stevens  and  Galanter 
(1956),  and  Galanter  and  Messick  (1961).  In  these  studies,  we  demonstrated 
that  simple  forms  of  category  scaling  O-ikert  scales)  were  non-linear  func- 
tions of  magnitude  scales.  Furthermore  magnitude  scales  were  shown  to  re- 
main invariant  over  » wider  class  of  experimental  manipulations  than  cate- 
gory scales.  It  was  on  the  basis  of  observations  of  this  kind  that  Stevens 
concluded  that  magnitude  estimation  scales  represented  the  "true"  psycho- 
physical functions.  We  have  eschewed  this  argument  In  favor  of  demonstrat- 
ing that  these  magnitude  estimation  functions  are  capable  of  predicting  com- 
plex behavior  patterns  in  other  contexts.  Thus,  for  example,  we  have  used 
cross-modality  matching  (Galanter  and  Pliner,  1974)  to  validate  further  the 
utility  scale  functions  of  money  against  a variety  of  other  psychophysical 
judgments . 

In  addition  to  such  classical  methods  to  validate  magnitude  estimation 
scales,  Diane  Jacobs  and  the  Principal  Investigator  undertook  a study  of 
two  models  of  category  scaling  data  that  partitioned  the  category  judgment 
scales  into  a sensory  and  motivational  process  (Galanter  and  Jacobs,  1973). 

The  sensory  process  within  these  two  models  could  be  construed  as  linear;  as 
in  Thurstone's  theory — or  hierarchical:  a new  proposal.  The  results  of  these 

experiments  rejected  the  hierarchical  model  out  of  hand,  a model  in  which  we 
had  a great  deal  of  faith  prior  to  the  evidence.  The  linear  model  was  strong- 
ly supported  and  in  addition  the  stimulus  parameters  within  this  model  remain- 
ed invariant  under  pay-off  manipulations,  as  predicted  by  the  theory  of  signal 
detectability.  Furthermore  the  response  bias  parameters  in  the  category  scal- 
ing experiments  were  shifted  as  if  the  subjects  in  the  experiment  were  attempt- 
ing to  maximize  their  expected  earnings  or  to  maximize  the  utility  transform 
of  those  earnings. 

The  applicability  of  ideas  from  the  theory  of  signal  detectability  to 
the  analysis  of  scaling  studies  added  to  our  conviction  that  this  theory 
possessed  general  notions  that  could  and  do  illuminate  many  areas  of  behavior- 
al research.  To  evaluate  this  conjecture  we  undertook  a survey  of  the  be- 
havior science  literature  in  which  TSD  had  been  applied  to  non-psychophysi- 
cal problems.  We  are  preparing  a report  of  this  literature  review  that  will 
summarize  these  applications,  and  will  also  attempt  to  extract  general  prin- 
ciples to  guide  the  application  of  this  powerful  theory  into  new  areas. 

Our  review  of  approximately  200  applications  of  signal  detectability 
theory  demonstrates  that  the  use  of  the  theory  has  two  main  purposes.  First, 
experimentalists  have  been  able  to  demonstrate  that  what  had  been  thought  to 
be  effects  on  behavior  associated  with  sensory  activities  were  In  fact  more 
accurately  attributed  to  cognitive  and  motivational  variables.  In  addition, 
certain  kinds  of  effects  that  have  been  thought  to  be  state  induced,  e.g., 
changes  in  taste  thresholds  as  a function  of  hunger  are  shown  to  be  merely 
alterations  in  response  bias. 

Our  experiments  on  the  development  of  psychophysical  scales  using  mag- 
nitude estimation  techniques  have  not  been  restricted  to  laboratory  experi- 
ments. We  havn  also  completed  a series  of  psychophysical  scales  of  perceptual 
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judgments  under  field  conditions  where  the  observer  is  undergoing  dynamic 
transformation.  We  refer  here  to  psychophysical  scales  of  visual  distance 
(depth)  during  the  movement  of  an  aircraft  from  some  initial  position  to  a 
runway  touch-down  zone.  These  studies  were  originally  conducted  to  deter- 
mine the  perceptual  basis  for  behavioral  adjustments  that  were  used  to 
accomplish  the  Landing  maneuver  by  the  pilot  of  an  airplane.  The  results 
of  many  of  these  studies  have  been  summarized  In  Galanter  and  Galanter  (1973) . 
The  data  reported  iri  that  article  demonstrate  the  intrinsic  non-linearity  of 
distance  judgments  made  by  a pilot  in  a landing  aircraft.  In  addition  to 
these  distance  judgment  experiments,  we  also  conducted  experiments  in  which 
pilots  and  observers  made  time  judgments  to  touch-down  points  under  the  same 
environmental  conditions.  In  these  experiments  we  were  able  to  show  that 
time  to  touch-down  judgments  were  essentially  linear  as  a function  of  actual 
time.  That  means,  that  for  constant  velocities  in  an  approach,  time  to  touch- 
down was  also  a linear  function  of  distance.  Figure  7 shows  this  function. 

This  result,  that  the  subjective  distance,  as  scaled  by  magnitude  estima- 
tion to  point  of  touch-down  is  a non-linear  function  of  distance,  whereas 
estimated  time- to- touch-down  is  a linear  function  of  distance  led  to  a con- 
cern about  what  were  the  perceptual  properties  that  guided  the  behavior  in 
the  performances  involved  in  these  activities.  Further,  we  questioned 
whether  switching  from  one  judgmental  basis  to  another  might  be  a central 
factor  in  the  disruption  of  such  performance,  and  consequently  the  source 
of  hazardous  operations.  Once  we  had  recognized  that  the  basis  for  the  con- 
trol of  action  may  be  constructed  of  multi-modal  or  multiple  structured  input 
information  that  could  form  the  matrix  for  a ballistic  act,  our  attention 
was  directed  toward  the  development  of  the  theory  of  ballistic  activity  out- 
lined in  the  previous  section.  In  order  to  complement  this  theory  of  action, 
we  saw  the  need  to  make  a fundamental  recharacterization  of  the  nature  of 
human  perceptual  functioning. 

It  is  generally  presumed  that  the  sense  organs  constitute  the  primary 
mechanisms  of  perceptual  analysis,  integration,  and  organization  (except  for 
modality-specific  central  processing) . The  view  of  human  action  we  now  pro- 
pose, however,  requires  a perceptual  ’receptor"  that  has  the  capability  to 
perceive  into  time  in  the  way  that  the  eye  perceives  into  space.  Our  pri- 
mary notion  is  that  such  temporal  perception  is  served  by  inter-sen3ory  in- 
formation primarily  from  the  visual  and  auditory  systems.  These  inter-modal 
effects  are  presumed  to  give  rise  to  the  experiences  of  past  and  future  that 
may  constitute  what  has  classically  been  called  "memory"  and  "imagination." 

Generally  speaking  past  research  on  inter-sensory  and  Inter-modal  phenome- 
na have  looked  primarily  for  influences  of  one  sense  mode  on  the  other 
(Klemmer,  1958;  Adams  and  Chambers,  1962;  Day  and  Beach,  1950).  In  the  con- 
text of  the  present  theory  we  propose  that  inter-sensory  effects  are  to  be 
construed  as  input  parameters  for  some  central  Imaginative-memorial  percep- 
tual mechanism.  That  is  to  say  we  presume  that  a variety  of  sensory  data 
are  mapped  onto  a single  perceptual  continuum,  and  that  the  continuum  is 
representable  In  action  as  foresight  or  anti<  ipution,  and  memory  or  review. 

It  is  such  a common  representation  of  inter-sensory  information  that  enables 
a person  to  perceive  plans  ana  to  execute  actions  based  on  temporal  percep- 
tion, and  to  contemplate  alternative  actions,  and  review  his  own  past  acts 
and  percepts  as  part  of  his  entire  behavioral  economy. 
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Such  a notion,  that  a variety  of  sensory  inputs  are  represented  in 
some  common  form,  is  a current  feature  of  the  literature  in  studies  of 
perception  and  attention.  Modern  attempts  to  demonstrate  that  the  repre- 
senation  of  information  from  different  sensory  modes  is  reduced  to  a final 
common  form  on  which  action  is  subsequently  based  derive  from  early  studies 
as  Klemmer's  (1958)  work  on  time  sharing  be  ween  frequency  coded  auditory 
and  visual  channels,  and  work,  by  Adams  and  Chambers  (1962)  on  responses  to 
simultaneous  stimulation  ot  two  sense  modalities.  These  classical  studies 
have  given  ri.s<  to  the  more  recent  experiments  that  attempt  to  isolate  the 
representation  of  the  multi-modal  inputs.  For  example  the  Shifriri  and 
Grantham  (1974)  analysis  of  models  tor  attention  shows  that  attempts  to 
attend  to  modality  specific  information  does  not  improve  performance.  Fur- 
thermore, Auerbach  and  Sperling  (1974)  present  a signal  detection  model  and 
report  evidence  for  a common  auditory-visual  space.  This  represents  a 
straight-forward  justification  of  our  proposed  unitary  perceptual  system 
that  uses  information  from  a variety  of  sensory  modes.  Finally,  Marks  (1974) 
shows  that  auditory  and  visual  cross-modal  matching  experiments  support  the 
existence  of  what  he  construes  as  a cognitive  machani sm  capable  of  manipu- 
lating dimensions  of  sensory  experience.  We  would  prefer  to  characterize 
such  a mechanism  as  a perceptual  processor.  Such  a characterization  justi- 
fies an  analysis  of  inter-sensory  effects  by  experimental  procedures  that 
have  been  developed  for  the  study  of  perceptual  phenomena  even  though  the 
apparent  subject  matter  refers  to  remembered  or  anticipated  events. 

The  ways  that  observations  are  conceptualized  places  a strong  constraint 
on  our  understanding.  Consider  for  example  the  concept  of  memory.  A current 
view  of  the  memorial  function  in  human  behavior  is  that  memory  consists  of 
some  sort  of  storage  facility  with  addressing  potential,  so  that  information 
in  some  appropriately  coded  form,  based  on  sensory  input,  can  be  retrieved  on 
demand,  when  some  address-like  component  of  the  sensory  input  is  presented 
to  the  individual. 

Such  a storage-retrieval  paradigm  to  turn  human  memory  into  a static 
library  had  a great  deal  to  recommend  It  to  Bbbinghaus  (1885) , because  it 
lent  Itself  to  ingenious  but  easy  experimental  study.  You  put  things  in., 
then  you  see  how  much  you  can  get  out.  The  difference  between  the  input  and 
the  output  represented  a degradation  attributable  to  memory.  The  fact  is 
that  remembering  thing9  in  this  way  is  normally  something  that  occurs  on  a 
theatre  stage  or  in  a psychological  experiment.  Memory  itself  must  serve  an 
ongoing,  forward  looking  function,  if  It  is  to  be  of  service  to  the  active 
organism.  The  fact  that  in  addition  to  this  primary  function  it  can  also 
perform  tricks,  while  Interesting  may  not  be  too  enlightening.  Certainly 
to  elevate  such  cleverness,  e.g.,  the  ability  to  recall  a telephone  number 
on  demand,  to  the  status  of  a central  psychological  process  is  to  allow  ex- 
perimental procedure  to  dominate  ones  thinking. 

In  its  primary  role  memory  must  represent  how  the  perceptual  system  of 
the  organism,  (that  is  the  processing  of  information  and  the  characteriza- 
tion of  activity)  acts  to  "perceive"  the  past  as  well  as  the  future  in  order 
to  guide  future  action. 

Part  of  the  main  conceptual  point  of  our  introduction  of  this  new  per- 
ceptual system  is  the  conjectured  mirror  symmetry  of  the  forward  and  back- 
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ward  looking  temporal  vision.  Support  lor  this  conjecture  .n  be  provided 
by  comparing  experiments  in  which  performance  based  on  mt.ic  1 pation  is  com- 
pared with  performance  based  on  review.  Exactly  how  these  experiments  will 
be  performed  in  the  laboratory  is  not  dear,  but  as  remarked  above  we  have 
already  engaged  in  field  experiments  in  real  life  situations  to  assess  the 
quality  of  anticipation  judgments.  Certain  of  these  real  life  experiments 
consisted  in  varying  the  duty  cycle  of  the  visual  availability  of  the  air- 
craft environment  to  a pilot  in  which  his  anticipatory'  behavior  is  no  longer 
under  the  control  of  his  imagination. 

Finally,  a line  of  work  in  wnich  we  have  only  just  begun  is  designed 
to  determine  whether  the  non-1 Lnearitiea  In  perceptual  judgments  are  accom- 
panied by  aon-linearitlei  in  ] rma  rsed  on  those  judgments.  These 

"perceptual  tracking  cas*  " have  been  recently  instrumented  and  should  be- 
gin shortly  to  generate  data.  The  two  modes  that  we  ire  currently  studying 
are  the  auditory  intensity  modf  which  is  being  tracked  oy  movements  of  a 
pressure  transducer,  and  a continuous  visual  distance  judgment,  which  we 
are  tracking  with  a stylus  device.  Preliminary  data  conform  to  classical 
results  in  this  area.  Our  data  suggest  that  given  a modicum  of  training, 
linear  performance  outputs  are  available  oven  though  the  perceptual  func- 
tions themselves  are  non-linear.  We  interpret  this  to  mean,  not  that  the 
subject  performs  a non-linear  psychic  transform  prior  to  the  control  of 
the  output  signal,  but  rather  that  the  operator  formulates  a ballistic  pro- 
gram to  execute  the  responses  based  on  an  appropriate  multiple  structured 
matrix  of  input  signals  and  their  expected  elastically  transformed  continua- 
tion. Experiments  that  interrupt  the  input  signals  at  various  points  are 
currently  being  instrumented  to  assess  the  plausibility  of  these  hypotheses. 

In  summary,  research,  in  the  Psychophysics  Laboratory  at  Columbia  Uni- 
versity over  the  past  four  years  has  yielded  the  following  concrete  insights 
and  data: 

.1)  We  have  determined  with  some  precision  the  psychophysical  function 
relating  perceived  desirability  or  aversiveness  and  incremental 
gains  and  losses  of  money. 

2)  We  have  show  In  the  context  of  a signal  detection  experiment  that 
the  utility  functions  proposed  in  1)  above  are  not  inconsistent 
with  Che  pay-off  control  of  human  judgments  in  a psychophysical 
experiment . 

3)  Utility  judgments  for  desirable  and  aversiveness  non-monetary 
events  can  he  obtained  using  the  same  techniques  that  we  use  for 
the  monetary  judgments,  ana  the  monetary  judgments  within  the  con- 
texts of  these  non-monetary  events  recover  the  original  parameters 
of  the  utility  function. 

4)  People  are  able  to  generate  sequential  responses  with  inter-response 
times  two  orders  of  magnitude  faster  than  the  reaction  time. 

5)  Inter-response  times  shorter  than  the  simple  reaction  time  can 
be  adjusted  over  a wide  dynamic  range  by  appropriate  variations 
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in  monetary  pay-offs. 

6)  Simple  reaction  times  in  the  auditory  modality  have  been  shown 

to  be  independent  of  the  for  e exert  d upon  the  reaction  key 

over  two  orders  of  magnitude. 

7)  Simple  reaction  times  in  tie  auditory  mode  are  shown  to  depend 

on  the  signai-to-noi3e  ratio  and  not  the  total  acoustic  energy. 

8)  Psychophysical  judgments  of  the  perceptual  dimension  of  visual 
distance  in  a dynamic  environment  is  a non-linear  function  of 
distance . 

9)  In  these  dynamic  environments  psychophysical  judgments  of  temporal 
duration  under  constant  velocity  is  a linear  function  of  time. 

10)  We  have  formulated  a new  conceptual  theory  of  human  action  and  per- 
formance that  construes  large  coherent  and  goal  directed  acts  as 
ballistic,  rather  than  feed-back,  controlled. 

11)  We  are  continuing  experiments  using  our  computer  based  facility 
to  study  problems  of  perceptual  Judgment  and  reaction  time  within 
the  context  of  this  new  conceptualization. 

Finally  it  is  important  to  point  out  that  during  the  course  of  this 
program  the  laboratory  has  acquainted  approximately  22  undergraduates  and 
nine  graduate  students  with  experimental  techniques  in  which  we  have  some 
competence.  Three  of  our  graduate  students  have  received  the  Masters  Degree 
for  work  conducted  in  the  course  of  research  under  the  subject  contract,  two 
of  our  graduate  students  have  successfully  completed  their  Ph.D.  A third 
graduate  student,  Mr.  John  Allen  Owens,  who  would  have  finished  his  Ph.D. 
during  the  term  of  this  contract  was  killed  In  an  airplane  accident.  His 
loss  was  deeply  felt  by  all  members  of  our  laboratory  and  the  Columbia 
University  community. 
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